The production of maxima and minima by the superposition of two or more light signals provides fundamental support for the wave nature of light. This result is based on the study of wave interference phenomena which remains the only approach to explain the production of those maxima and minima. In a system that is prepared to work with only one photon at a time, any detector can signal only one or zero. In 1986, a rigorously controlled experiment was designed by Grangier, G. Roger, and A. Aspect, [Europhys Lett. 1(4), p. 173, 1986] that guaranteed a single-photon beam. The explanation of the experimental results implied the interference of the wave function of a single-photon with itself. Thus, the explanation of interference that is accepted for an ensemble of photons was assumed to be valid for a single photon. In this study, we prepare a Mach-Zehnder interferometer using the same type of beam splitters used by Grangier et al. to test the assumption mentioned above. Our results allow us to explain the results of Grangier et al. because of the interaction between light and the beam splitters. Our results also verify that their wave interpretation of the results is not valid. Here, we present the essential findings of the extensive experimental evidence that supports our ideas.
Introduction
In 1986, Grangier, G. Roger, and A. Aspect, [1] published an important experimental result concerning the creation of interference using only one photon at a time. In this study, photons were directed to a Mach-Zehnder (MZ) interferometer at an average rate of 16 photons per second. Two multi-dielectric coatings on a single silica plate (see Figure 1 ) acted as beam-splitters (BS1 and BS2) with a transmission-reflection ratio of 50/50. Changing the phase difference between the two waves that arrived at BS2 resulted in changes in the probability of pho- tons arriving at detectors D1 and D2. If p1 and p2 represent the probability of a photon arriving at D1 and D2 respectively, then the extreme values for (p1, p2) were (1, 0) and (0, 1). Thus, Grangier, G. Roger, and A. Aspect, concluded that these results were difficult to explain without assuming that a single photon interferes with itself. Here, we suggest that this is not the correct interpretation.
We set up an MZ interferometer with beam splitters like those used in the experiment of [1] to support our conclusion.
Here, we briefly summarize the explanation of K. P. Zetie, S. F. Adams, and R.
M. Tocknell, [2] of the results of [1] to determine whether their results have any connection with quantum mechanical interference. For now, we assume that there is no phase difference between the two paths in the interferometer of Figure 1. This figure describes the phase changes that occur at each part of the interferometer, as well as the final amplitudes reaching the second beam splitter (BS2). Thus, a wave of amplitude Ψ will be transmitted and reflected at BS1 with the amplitude Ψ 2 , even in the case of a single photon beam.
(In other words, it is assumed that the transmission-reflection ratio of 50/50 that applies for many photons that moves on a macro cross section is the same ratio for a single photon that moves on a micro cross section.)
The math inserted in Figure 1 shows that, after BS2, only one detector at a time can detect the signal of a single arriving photon. After this ideal study, in [2] is concluded that "all of the physics is contained in this analysis."
Method

Analysis of the Beam Splitters Microscopic Outputs
We introduce three important pieces of information not present in the analysis done in [1] .
A convex lens was introduced between the laser and the MZ interferometer Figure 1 . Two beam splitters positioned such that, after BS2, the net output wave hits detector D1 with a probability of 1. Reflection on the right side of BS2 does not produce a phase change, but reflection on the left side of BS2 induces a phase increment of π. This leads to destructive interference on the bottom side of the figure. Optics and Photonics Journal that was placed at nine meters of the MZ interferometer had no lens at the time of performing both shots; hence, the beam of light could directly strike the sensor of the camera and produce visual information proportional to the intensity of the beam at every point. Every dot in Figure 3 represents the intensity average on a column of 3465 pixels. Every pixel on the camera is a square with an approximate side length of (4 ± 0.25) μm.
It is well known that the functional principle of a beam splitter with multidielectric coatings is the interference of light inside the multilayers, i.e., beam splitter interference (BSI). Under some specific conditions (not articulated in this paper) an array of maxima and minima as shown in Figure 3 can be manifested outside of the beam splitter. In general, the interference pattern can be described in the following manner: Suppose a ray of light hits a point of the BS at an angle that transmits 100% of the intensity. Another point on the BS, separated by a distance d from the original point, can be used to define a ray with a path that is one wavelength larger than the first ray. This second point also will transmit 100% of the energy. A screen that is separated by a distance L from the beam splitter will show a pattern with maxima and minima with spatial separations (SP) according to the Equation (1).
Notice that each image in Figure 3 was taken by blocking the beam transmitted by BS1. Accordingly, the images in Figure 3 do not represent an interference pattern between two beams of light. To the best of our knowledge, we are the first to demonstrate this experimental result. Moreover, this observation is well correlated with the results produced by Grangier et al in Figure 4 of their study [1] . Thus, we reinterpret their results as follows. During a one-second period, all single incoming photons hit BS1 on an area and at an angle that produces BSI with 100% of the energy transmitted or reflected. In that transmitted or reflected direction, a regular mirror sends those photons one by one to the same area of BS2, which guides the photons to the corresponding detector according to its BSI coefficient. The movement of the regular mirror in one of the paths by a fiftieth of a wavelength changes the position of the area of incidence on BS2 by the same amount. The percentage of photons transmitted and reflected on the new area follows the sine-squared function corresponding to the BSI of BS2 (in a similar manner to the function shown in Figure 3 ).
The idea developed here might be applicable to other surprising experimental results. In experiments where photons originating from two sources with random phases hit a beam splitter, the generated visibility at the detectors is larger than the 50% predicted by the classical optics theory [3] . Our results presented In our opinion, Figure 4 . [1] represents curves that are extremely like any one of our observed R-T and R-R curves. This suggests that in [1] was not observe the interference of a single photon with itself and misunderstood the interaction of single photons with the beam splitter. Therefore, we must next investigate whether it is possible for single photons to finish at only one detector after undergoing wave interference from two signals originating from two independent paths.
Numerical Evaluation of the MZ Interference Patterns
The classical assumption that one image is the negative of the other in Figure 2 can be explained as follows. If the two paths result in destructive interference in one direction, the photons cannot travel in that direction; however, those photons will be redirected in a perpendicular direction, where the interference is constructive. According to [1] , this classical assumption explains the behavior observed in MZ interferometers, and photons that cannot travel to D2 in Figure   1 must travel to detector D1. We can verify this line of reasoning through further experiments.
A basic setup was prepared to produce simple patterns of interference. In this way, inconvenient spatial effects could be avoided making the wave as close as possible to the ideal plane wave. In this trial, no lens was placed between the laser and the MZ interferometer. Furthermore, two lenses per beam were positioned around 30 cm after the MZ interferometer to amplify the size of the images. The MZ interferometer should produce two symmetrical outputs, where one output is the negative image of the other, according to the classical wave theory. If these conditions can fail, it must occur when the symmetry of the system could be compromised under extreme conditions. This case occurs when the path difference between the two beams is almost zero.
A video allowed us to analyze the output of the two beams. 2) The image on the right side is not the negative image of the left (i.e., symmetry was broken).
3) The photons that cannot travel to the center of the left image because of the destructive interference, where do they go? (In [1] was assumed that they travel to the image on the right.) 
Discussion
Though these observations completely disprove the conclusion of [1] , these re- would show an almost constant intensity.
In our opinion, when. in [1] is state "this was achieved by observing the fringes in the focal planes of two lenses, …" they were looking at the vertical fringes of the BSI and not at the semi-arc of the MZ interference. In effect, the experiment of [1] produces the antithesis of their interpretation.
Note that all results in this study were obtained twice by using lasers with wavelengths of 650 nm and 460 nm because they cover more than half of the visual spectrum. It is possible to think that maybe the last numerical results discussed here were created by the BS or the lasers used on the experiment. A more sophisticated MZ interferometer was made using two pellicles BS (39485, Edmund Optics). This time the two-outside lens were unnecessary. Also, the helium-neon laser used this time emits light with wavelength 632 nm that is the one used to calibrate the pellicle BS, meaning a more reliable 50/50 reflection-transmission ratio. A video was recorded to help on the after-visual comparison between the MZ outputs. Figure 7 and Figure 8 show the same pattern observed before. That 
Conclusions
The results shown here do not diminish the experimental work performed by [1] in any way. We have simply reinterpreted their conclusion. More precisely, their experiment shows that it is not possible to create interference via the superposition of the wave associated with the propagation of single photons. If circular symmetry is guaranteed, our interpretation is completely justified by the experimental evidence that MZ interference produces a pattern of interference rings, while the BSI produces a pattern of interference fringes. In other words, if the quantum mechanical wave calculations were correct, both D1 and D2 would signal continually because the destructive MZ interference will push the photons radially out of or in to the center with an experimental angle no larger than 0.5 degree. Note that this angle is far smaller than the 90-degree angle claimed in.
[1] and [2] , where it was erroneously assumed that the destructive interference in one direction should send the single arriving photon in a perpendicular direction where the MZ interference is constructive. Here, it was shown experimentally that the trajectory of many photons could be understood if the MZ interferometer is forced to produce interference between beams with a path difference of almost zero.
In short, according to our analysis of previous experiments ( [1] , as well as others not mentioned in this paper [4] [5] owing to length restrictions) and of the present work, it seems that a single photon does not interfere with itself. In other words, it is impossible to create an experiment with permanent absolutelydestructive interference, because photons cannot be destroyed or cannot move on a trajectory far from the region where the destructive interference occurred.
The two minimum extremes created by using an MZ interferometer are circular rings made by two virtual foci "in line" with the laser direction, and fringes Optics and Photonics Journal made by two virtual foci on a plane "side by side" to the laser direction. The former produces a dark center inside a bright ring, whereas the latter produces a dark fringe accompanied by two bright fringes.
